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Sum of the two-dice model
In order to simulate the initial BM distribution, we utilized a "sum of the two-dice" model. In the model, we arbitrarily divide our surface-linked DNA substrate into 4 segments (x1, x2…x4) that can contribute to BM, and the incoming DNA bound into a nucleoprotein filament into 10 segments (y1, y2…y10) that can make a similar segmental contribution to BM. The 10:4 ratio reflects the length and mechanical properties conferred on the DNA when bound by RecA protein (1), which results in a larger Brownian motion. Similar results (Figure 2A ) are obtained with any number of segments as long as the 2.5:1 ratio is maintained. The bead is attached to the incoming nucleoprotein filament.
When tethered, the initial Brownian motion of the bead will reflect the point at which the filament first contacts the surface-linked DNA duplex, and will be the sum of the DNA segments between the contact point and the surface plus the nucleoprotein segments from the contact point to the end with the bead attached. The RecA filament is dice 1 and the surface-bound duplex DNA is dice 2. The initial contact point of RecA filament and surface-bound DNA decides the relative contribution of these two molecules to the initial BM value. Therefore, the distribution of initial BM value provides information on the initial contact point. Initial BM values are measured as in Figure S1A . We denote In the case of "random collision", collision between the RecA filament (N-faced dice 1) and surface-bound DNA (M-faced dice 2) can occur anywhere at random, i.e. dice 1 and 2 are both equally weighted. Random collision leads to a distribution of initial BM values that produces a trapezoidal shape due to N>M (there are four dice combinations that produce sums of 5, 6, 7, 8, 9, 10, and 11; fewer combinations that produce higher and lower sums; Figure S1B ). This simple model describes the experimental results for the un-successful tethers very well ( Figure 2B ).
This simple random collision model suggests that invading events occur through random collisions between RecA filaments and surface-bound DNA (Figure 2B and 2E) . In order to model the observed initial BM distribution for successful events (with a peak at lower BM), it is necessary to place a higher probability at the 5-end segment of RecA nucleoprotein filaments with the probability gradually reduced as you progress away from the 5-end (the unfair dice 1). The modeled data (as from Figure S1C ) is shown in red triangles in Fig. 2 . Similarly, in the case of a 3-end preference simulation, a higher probability must be placed on the 3-end proximal segment of the RecA filaments (as from Figure S1D ). Results are presented with blue circles in Fig. 2 . In our experimental results, the observations correspond strikingly to the 5-end preference expectation based on this simple model. Table 1 . Figure S7 . The strand exchange efficiency of wild-type RecA is 21.0 ± 4.0 % (modified from reference (2), N=7). The strand exchange efficiency of RecAΔC17 mediated reaction is lower than that of wild-type RecA. The efficiency of RecAΔC17/ATP is significantly lower than RecAΔC17/ATPγS (2.6 ± 0.3 % for 2 mM ATP (N=6), and 8.5 ± 3.3 % for ATPγS (N=6), pvalue=0.0076). Invading experiments with no RecA, which are negative controls, with a 0 ± 0 % efficiency (N=5, all zero), is significantly lower than RecAΔC17/ATP reaction (p-value = 1.9×10 -6 ). 
